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Road deposited sediment and surface runoff samples were collected and analyzed from selected major in Kuching.  The 
concentration of heavy metals such as Fe, Zn, Cu, Cd, Cr, Ni, Pb and Mn were analyzed quantitatively using Atomic 
Absorption Spectroscopy.  Fe was found to be the highest concentration in road deposited sediment with a value of 
162.77mg/kg and Zn was the highest for surface runoff with a value of 0.54mg/l. The highest metals concentration in 
road deposited sediment and surface runoff was found to be at Batu Kawa Rd. Mean concentration at Batu Kawa Rd 
roads for road deposited sediments were found to be in the following order Zn > Fe > Cu > Cr > Pb > Ni > Mn > Cd 
Meanwhile in the surface runoff, the mean concentration were found to be of the following order Pb > Zn > Fe > Ni > 
Mn > Cu > Cd > Cr. 
 




Sampel sedimen termendak jalanan dan saliran air hujan daripada lokasi terpilih di jalanraya Kuching telah diambil 
dan diuji. Kepekatan logam berat seperti Fe, Zn, Cu, Cd, Cr, Ni, Pb dan Mn dianalisis secara kuantitatif menggunakan 
alat Spektroskopi Penyerapan Atom. Didapati Fe mempunyai kepekatan tertinggi sekali dalam sedimen termendak 
dengan kepekatan purata 162.77mg/kg dan didapati kepekatan Zn adalah paling tinggi dalam saliran air hujan dengan 
kepekatan purata 0.54mg/l. Didapati kepekatan logam berat dalam sampel sedimen termendak jalanan dan saliran air 
hujan adalah di Jalan Batu Kawa. Keseluruhan kepekatan purata pada Jalan Batu Kawa yang dikaji dalam sedimen 
termendak adalah dalam turutan Zn > Fe > Cu > Cr > Pb > Ni > Mn > Cd Manakala di dalam saliran air hujan, 
keseluruhan kepekatan purata adalah dalam turutan Pb > Zn > Fe > Ni > Mn > Cu > Cd > Cr. 
 





Surface water runoffs from roadsides are mostly polluted by particulate matter derived from 
vehicles emission, abrasion of tyres, brake linings and affected by the volume of traffic, design of 
the roadway, surrounding land use, climate and accidental spills (Gautam et al., 2005). Traffic 
volume would seem to be an important factor for predicting deposited sediment and runoff water 
quality.  
The most common pollutants on roads runoff are heavy metals, inorganic salts, aromatic 
hydrocarbons and suspended solids which accumulate on the road surface as a result of regular 
highway operation and maintenance activities. Heavy metals are considered to be the main sources 
of pollution in the environment, since they have significant effect on its ecological quality (Sastre et 
al., 2002).  
Vehicles are major sources of heavy metals pollution, originating mainly from vehicle 
component wear which are essential components of the various parts of motor vehicles (Homady et 
al., 2002). Runoff from roadside contains significant loads of heavy metals in in water and in 
sediments. Rainfall runoff from urban roads often contains elevated amounts of heavy metals in 
both particulate and dissolved forms (Turner et al., 2001). Elevated of heavy metal concentrations 
have been detected in road sediments and runoff water throughout the world (Pratt, 2004).  
Exposure of heavy metals to the environment is associated with a wide range of toxic 
effects. The availability of these metals to plants and lower food-chain organisms near the roadside 
corridors is a potential concern (Pratt, 2004; Thomson et al. 1997; Sutherland and Talosa, 2001). 
Elevated concentration in runoff waters can result in their accumulation in roadside soils in toxic 
levels (Pratt, 2004; Turner et al., 2001. 
 2 
Vehicular traffic (with atmospheric deposition) is expected to be a source of metal 
contamination on the major roads in Kuching. The types of heavy metals, their current 
concentrations in surface runoff roadside deposited sediment along the major roads in Kuching are 
not known. This study was carried out to obtain information on the heavy metal concentrations in 
sediments and runoff water along various major roads in Kuching. The investigation of surface 
water collected during the runoff processes would enable the concentration of heavy metals on these 
roads to be known. The traffic volume on these major roads was also to determine to obtain a snap 






The aim of this study is to determine the: 
 
1. Types of heavy metals present in road deposited sediments.  
2. Types of heavy metals present in rainwater runoff from the road.  
3. The concentration of heavy metals in the deposited sediment  








2. LITERATURE REVIEW 
 
2.1 Heavy Metals and Toxicity  
 
2.1.1 Heavy Metals 
Heavy metals are chemical elements with a specific gravity that is at least 5 times the 
specific gravity of water. The specific gravity of water is 1 at 4°C (39°F). Examples of 
heavy metals are mercury (Hg), cadmium (Cd), arsenic (As), chromium (Cr), thallium (Tl) 
and lead (Pb). Heavy metals are natural components of the Earth's crust. They cannot be 
degraded or destroyed.  
 
2.1.2. Toxic Effect Of Heavy Metals 
Depending on their form, heavy metals and their compounds can be taken up through 
the skin, respiratory system or the digestive system. As trace elements, some heavy metals 
(e.g. Cu, Se, Zn) are essential to maintain the metabolism of the human body.  
Biota including humans, animals and plants in the modern world are increasingly 
being exposed to heavy metals. Environmental exposure to heavy metals is associated with a 
wide range of toxic effects. Heavy metal poisoning could result, for instance, from drinking-
water contamination (e.g. by lead pipes), high ambient air concentrations near emission 
sources or intake via the food chain (Chasteen, 2000). Other effects include contact 
sensitivity reactions to metals such as Cr, Ni, As, Cd, Pb, and Hg, which are notorious 
developmental toxicants associated with malformations in mammalian embryos and fetal 
development (Ferm, 1972). Toxic effects of various heavy metals in the environment are 
follows 
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 Nickel, in excessive amounts, can become mildly toxic. Short-term overexposure to 
nickel is not known to cause any health problems but long-term exposure can cause 
decreased body weight, heart and liver damage and skin irritation. 
 Cadmium derives its toxicological properties from its chemical similarity to zinc an 
essential micronutrient for plants, animals and humans (Chasteen, 2000).  
 Antimony causes nausea, vomiting and diarrhea when exposed to high levels for 
short periods of time. 
 Lead can result in a wide range of biological effects depending on the level and 
duration of exposure. High levels of exposure may result in toxic biochemical effects 
in humans which in turn cause problems in the synthesis of haemoglobin, effects on 
the kidneys, gastrointestinal tract, joints and reproductive system, and acute or 
chronic damage to the nervous system (Chasteen, 2000). 
 Copper is an essential substance to human life, but in high doses it can cause 
anemia, liver and kidney damage, and stomach and intestinal irritation. 
 Chromium is used in metal alloys and pigments for paints, cement, paper, rubber 
and other materials.  Low-level exposure can irritate the skin and cause 
ulceration.  Long-term exposure can cause kidney and liver damage, and damage too 
circulatory and nerve tissue.  
 
Heavy metals tend to bioaccumulate in a biological organism over time. They 
accumulate in living things every time they are taken up and stored faster than they are 
broken down (metabolized) or excreted. 
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2.2 Heavy Metal Pollution 
Pollution is the addition to the ecosystem of something which has a detrimental effect on it.  
Heavy metals serve to contaminate the environment. There are two categories of heavy metals 
emissions sources into the environment. The natural sources are from the erosion and alteration of 
rocks.  Anthropogenic sources are not natural but are sources of pollution from industry and other 
processes.  
 Roadways and automobiles are considered as one of the largest sources of heavy metals. 
The heavy metal concentrations in street dust are very high due to heavy traffic in highly populated 
and urban areas. The Pb amount in street dust in the inner city areas has been estimated to be 1,000- 
10,000 mg/kg while the amount in rural areas is between 300 and 500 mg/kg 
(http://www.caswellplating.com/restgal/electrowinning.pdf). 
 
2.3      Pollutants from Vehicles 
Vehicles cause pollution affecting air, runoff and soils. Emission of heavy metals, besides 
ozone and diesel-soot, is one of the most significant environmental problems caused by the existing 
transport systems. Emission arises from different parts of vehicles (tyres, brakes, exhausts) or 
running trains (rails, wheels, overhead cables, etc.). Vehicular particle emissions are the result of 
different processes, e.g. combustion products from fuel and oil, wear products from brake linings, 
tyres, bearings, coach and road construction material and the resuspension of road and soil dust. 
Vehicles create the potential for heavy metals accumulation in the working environment (Homady 




Table 2.1 Typical Pollutant Founds from Vehicles 
Pollutant Source from vehicles 
Lead Leaded gasoline from auto exhaust, tire wear, lubricating oil 
and grease, bearing wear and atmospheric fallout 
Zinc Tire wear, motor oil and grease. 
Iron 
 
Auto body rust, steel structures of vehicles and 
guardrails and moving engine parts 
Copper 
 
Metal plating, bearing and bushing wear, moving engine parts, 
and brake lining wear 
Cadmium Tire wear  
Chromium Metal plating, moving engine parts and brake lining wear 
Nickel 
 
Diesel fuel and gasoline, lubricating oil, metal plating, brake 
lining wear and asphalt paving 
Manganese Moving engine parts 
Cyanide Anti-caking compounds used to keep deicing salt granular 
 
 
Motor vehicles constitute a principal source of heavy metals found on roads (Pratt, 2003; 
Viklander, 1998; Varrica et al, 2003). Lead from exhaust gasses of the petrol engine deposited to 
soil is virtually immobile (Bullock and Gregory, 1991). This contamination is a permanent 
phenomenon and the lead concentration from deposition over many years remains causing soil 
toxicity level to increase.  Diesel engine exhaust particles may cause several adverse health effects 
as these also contain various metal contents attaching on to fine granular matters in the engine 
exhaust. They can penetrate into the deep respiratory tract because of their fine particle sizes to 





2.4      Road Deposited Sediment 
Road-deposited sediments (RDS), commonly referred to as ‘street dust’ or ‘road dust’), form 
from an accumulation of particulates on surfaces in urban environments such as pavements and road 
surfaces. RDS are significant pollutants in the urban environment as they contain high levels of 
toxic metals as well as organic contaminants like polycyclic aromatic hydrocarbons (PAH) (Hopke 
et al., 1980; Fergusson and Kim, 1991; Hildemann et al., 1991; Rogge et al., 1993; De Miguel et 
al., 1997; Degirmenci et al., 2000; Li et al., 2001). 
An extensive range of urban and industrial sources and processes give rise to RDS. These 
are anthropogenic (vehicle exhaust emissions, vehicle tyre and body wear, brake-lining material, 
building and construction material, road salt, atmospheric deposition) or natural  (soil material, 
plant and leaf litter, and atmospheric deposition) (Carraz et al., 2006) sources. 
Road sediments are sinks and sources of metals in an urban environment. Metals can bind to 
the sediments and become bioavailability to the rest of the food chain (Carraz et al., 2006). Health 
hazards of road sediments reported include genotoxicity, estrogen-like cell growth activity 
(Degirmenci et al., 2000), dioxin-like activity (Matsui et al., 2002) and allergens (Miguel et al., 
1999).  
 The sources of heavy metal contaminating in road sediments are: engine and brake pad 
wear, (e.g. Cd, Cu, and Ni) (Pratt, 2003; Viklander, 1998); lubricants (e.g. Cd, Cu and Zn) (Pratt, 
2004; Birch and Scollen, 2003); exhaust emission, (e.g. Pb) (Pratt, 2004; Gulson et al., 1998; Al-
Chalabi and Hawker, 2000; Sutherland et al., 2003); and tyre abrasion (e.g. Zn) (Pratt, 2004; 




2.5    Road Surface Runoff  
As RDS accumulate on highway surfaces, roadside areas and rights-of-way so during rainfall-
runoff events these constituents are washed from these surfaces and flow to surface and subsurface 
waters. The predominant buildup from vehicular traffic includes particulates, metal, and organics 
from tire, engine and brake wear as well as exhausts emissions and fluid drippings.  
Road run-off with RDS, therefore, contains a mixture of potential toxicants that are discharged 
into receiving waters in drains, canals, rivers, ponds or other water bodies. Typical pollutants have 
been described to include total suspended solids, BOD, COD, heavy metals, hydrocarbons and 
bacteria of animal origin (Hvitved-Jacobson and Yousef, 1991). According to Hewitt and Rashed 
(1992) and (Maltby et al., 1995) the majority of constituents in road run-off is associated with 
particulate material and therefore tends to accumulate in the sediments of receiving streams. 
Chronic pollution may occur.  
 Sediment-bound metals have been reported to be extremely mobile in runoff waters in both 
dissolved phase (Pratt, 2004; Dierkes and Geiger 1999; Rose et al., 2001) and as fine, suspended 
particles (Pratt, 2004; Sansalone and Buchberger, 1997; Turner et al, 2001). The metals Cd, Cu and 
Zn are reported to be primarily mobilized in ‘first flush’ runoff waters while Pb is reported to show 










3.1 Sampling  Locations 
This study of road traffic volume, deposited sediment and rain runoff water was conducted 
at four major roads and two major intersections in Kuching, Sarawak. The major roads were Batu 
Kawa Road, Tun Ahmad Zaidi Adruce Road, Rock Road, Tun Haji Openg Road while the 
intersections were the Kuching 3
rd
 mile South Interchange and Green Road–Tun Ahmad Zaidi 
Adruce Road–Palm Road (GTP) Junction. These sampling locations are given in Table 3.1 and 
shown in Fig.1. 
Table 3.1 Roads and Intersections Investigated 
CODE NAME OF ROAD 
R1 Batu Kawa Road 
R2 Tun Ahmad Zaidi Adruce Road (formerly Keretapi Road) 
R3 Rock Road 
R4 Tun Haji Openg Road 
CODE NAME OF INTERSECTION 
R5 Kuching 3
rd
 mile South Interchange  










 Sampling  Point 
 
The stretches investigated are indicated by a ‘X’ 
Fig. 3.1 Locations of stretches of roads and the intersections sampled  
 




The stretches investigated are indicated by a ‘X’ 
 


















The stretch investigated is indicated by a ‘X’ 
 
Fig. 3.3 Sampling sites along Tun Ahmad Zaidi Adruce Road (R2), Rock Road (R3) and Tun 




















 Sampling  Point 





Fig. 3.4 Sampling sites around the Kuching 3
rd
 mile South Interchange (R5) 






Fig. 3.5 Sampling sites around the Green Road – Tun Ahmad Zaidi Adruce Road – Palm 
Road or GTP Junction (R6) 































3.2 Determination of Traffic Volume  
 An overhead video camera was used to record the number of vehicles passing a particular 
point at the roads or the intersections investigated. The camera was placed at the side of the road or 
intersection and the recording of the vehicles passing that spot was carried for one hour. The total 
numbers of vehicles were then counted from the video. Only one way traffic was monitored. The 
investigation was carried out in October 2006 on Monday, Tuesday and Wednesday where two 
roads were counted on one day. The recording of the number vehicles passing a particular point at 
the roads and intersections investigated was carried out at 8 am to 9 am respectively.  
 
3.3 Sample Collection 
 
3.3.1    Road Deposited Sediment Collection 
The sediment samples were collected using a plastic scoop from the surface of the 
road and placed into plastic bags which were sealed. Five samples of sediment were 
collected along each road and five samples in each interchange. Each sampling point was 
separated by a distance of 100m-300m from each other, depending on the length of the road.  
 
3.3.2 Road Surface Runoff Collection 
Polyethylene bottles which were longitudinally cut into halves were used to collect 
the runoff water. These bottles were placed at the edge of the roads. They were wedged 
between two guards, one at each end, of bricks to prevent their movement. The water 
collected was then transferred to a plastic container and HNO3
 
at added to bring the bring it 
to < pH 2 to avoid the metals in the samples reacting with oxygen and be oxidized. Nitrates 
